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Figure 1. Structure of bruceantin
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Figure 2. Structure of quassinoids
Scheme 1. Biosynthetic pathway of picrasane skeleton
?
?
Cells were incubated with various concentrations of bruceantin or brusatol for 4 days. 
aViability was determined by Trypan blue exclusion in duplicate samples. Control 
viabilities did not decrease from 90%. Results are expressed as median inhibitory cell 
concentrations of two independent experiments (± standard deviations).  
bProliferation was assayed by 3H thymidine incorporation with quadruplicate samples. 
Results are expressed as median inhibitory cell concentrations of two independent 
experiments (± standard deviations). 
Table 1. In vitro effects of bruceantin and brusatol in cell growth and proliferatin of 
various established leukemic cell lines 
Table 1. In vitro effects of bruceantin and brusatol
in cell growth and proliferatin of various estab-
lished leukemic cell lines
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Table 2. cyotoxicity evalation of bruceantin
Figure 3. Structure of ?-?-hydnocarpin
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Figure 4. Cytoxoxicity of brusatol and its analogues
on P-388 leukemia cells
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???????????????
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??????????????? ???? NaBH4??
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????????? 23????
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bruceantin????????? C11, 12??????
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31?
Heathcock???? bruceantin?????????
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1-???-3-??????????? ?????? 24?
?? ?????? 25????? ?Scheme 14??
??? ?????? 24?? ????????????
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???? 28a? 28b?????????????? ?
???????????????? ?????????
?? 29???? ???????? C13???????
?????????????????
?? ? C9-C11 ?????????????
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??????? ??????????? ???????
???????????????? KF???????
? 33???? ??? C6-C7?????????????
?? ??? C5-C6?????? mCPBA??????
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NaBH4 ?????? PhSeNa??? 34??????
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????? C6-C7??????????? ?34?? 37??
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???? C13????????????????? C13
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Grieco ??? bruceantin ???????????
C13??????????? quassimarin?????
?????? ?Scheme 20-22?? Grieco??????
????? bruceantin???????????? ??
??? ???????????? ??????? ???
???? 43?? ?????????????????
? 44????????????34?? ???? C5???
????? ???????? ?????????????
C12???????????? ??? 45??????
???? C13??????? C9-C11 ???????
???? 46?????? ???? ?????????
?????????????? ?????????? ?
?????????????????? 47??????
??? 47?? ???????????? ??????
????????? 48?????? NBS?????
???????? 49??????? ?????? ??
???????????????? ??? 49?? DMF
??????????? E???????? 50???
??? ????? Grieco??????????? ??
????????????35a??
A????? D????????????????
??? ?Scheme 21?? C3? C16??? ??????
?? ????????????????? ??????
??????? TBS????????? ??? ???
???????? C12??????????????
?? ?????? 51???? C12?????????
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36? ?Scheme 22? ? ?? Grieco ??? 55 ????
bruceantin????????????
Ziegler	
37a?
Ziegler??? McMurry??????????37b??
?????? 56????? ?Scheme 23?? ????
56??????????????? 57???????
57? C13??????????? ????? 57a??
????? E???????? 58?????? ???
?????????? Jones??? ?????????
?????? ????? 59?????? C7????
???????? ???????? ?????????
????? ?????????????? ???? ??
????????? 60?????38?? ??? ????
????????????? ??????? SN2??
????? ????????? D?????????
????? ??? D????????? C13????
??????????????????? ??????
?????? bruceantin????????? 61???
????
Vinogradoff	
39?
Vinogradoff??? o-vaniline??????????
??? 62?? ??? 62a? Diels-Alder??????
??? bruceantin? B? C?????? 63?????
?Scheme 24?? ???????????? 64????
???? ??????? ??????????????
????????? E????? 65???? 65???
???????? ???????????? ?????
?????? D?????? ?66?? ??? bruceantin
? C15??????? ???????????? 66?
???????????????? ?????? 67?
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Scheme 21.
Scheme 22.
Scheme 23.
Scheme 24.
Murae	
40?
Murae????????? Heathcock? Grieco??
??????????????????????
?Scheme 25. 70?? 73?? E??? 73??????
???? ?????????????? ?? D???
??????? ??????????????? 6?
????? 75????????????
Heathcock 	
41?
Heathcock??????31? ??? 35???????
????? 35?? Kalvoda??42? ??????? E?
???? 76 ????????????????
?Scheme 26?? ???? ????????? C12-C13
?????????????? ????? Heathcock
??? E????????????????
Heathcock ??? 2-??????????????
??? ?-???-?-??????????? bruceantin
? A,B,C????? 77????? ?Scheme 27, 28??
77?? 85??????? Heathcock???????
??? ?Scheme 14-16? ?????????????
?? ???????31??
C12-C13??????????????????
?85a?? 86, Scheme 29?? ???????????
????? C4 ???????????????? C8
????????????? C10??????????
?????????? ????? ?????????
????? ???????????????????
? ?Figure 5?? ??? E?????????? C19?
? TBS????????? ???? ????????
??? C12?? TBS???????????????
? 87??? C?????? 88??????
??? TBAF???? TBS????????? ??
????????? C12?????????????
????? C?????? 89?????? ??? ??
???????? 90????? ?Scheme 30?? ??
?? C12???????????????? ????
??? 91?????? C13????? C16????
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??????????? ???? 92?????? ??
?? C13????? TMS????? 93??????
????????????? ????????????
??? ????????????????? ?????
???? C19???????????? THP????
?????????????
85b? THP?????????? 94?????? E
?????????? ?Scheme 31?? NBS?????
????????? C12???????????? 95
?????? ???? C12???-?????????
????? ??????????? ????? 95 ?
DMF?????????? ?????????? ??
??????? 96????????????? E??
???? KF? TBS?????? ??? 97??????
Heathcock?? ??????????? ??????
???????????? ????????????
?NBS?? DMF???? E??????????
Grieco?? 1984???????? ?Scheme 20, 48-
50, ref. 35a?? Heathcock????? ?1987?????
?? Grieco???? ?35a? ????????? ???
????????????????? Grieco????
?????????????
Murae	
43?
Murae????? 99????? C11, 12?????
????????? ??? 98 ?????????
?Scheme 32?? ???? Murae ?????????
?40a? ???????? ??? 100? C12??????
??????????
??????? Shapiro?????????????
??????????????? ??? C12????
???? 2?????????? ?????????
???? ??????????????????????
???? D????????? C?????????
????????? ?Scheme 33?? 102 ?? ???
Murae ????????????40b? ?Scheme 25??
102? C14?????????????? ?????
?????????? MOM??????? C7???
????????? 103 ?????? ???? C5-C6
????????? 104?????? C7??????
????? ???????????????? C12?
???? TBS???????? 105??????? C7
?????????????????????????
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Scheme 30.
Scheme 31.
Scheme 32.
Scheme 33.
???????????????? ??? C12???
?????? Shapiro???????????? ???
???? 106????
??? 2, 2, 2-???????????????
?TCC ?? ????? 106 ? C7 ?????????
?Scheme 34?? TCC?????????? MOM??
?? ???????????????????????
??????? ???? C11-12??????????
?? ??????????? MOM????????
107?????? MOM???????????? C3
????????????????? NBS?????
???????????? ??? C16?? C20???
??? ????????????????? ?? C3?
?????????? ???????? 109????
?? 109? TCC?????????? ???????
????? 110??????
?? 110?? Fuchs???????????????
112????? ?Scheme 35?? ???? C3????
?????? C2???????????? 113???
???? 113????????? Rigby???????
????????????44? ????????? ??
? C3?????? TBS?????? 114??????
??? Murae??? 114? brusatol???????
?????????5? ?Scheme 36?? 114???????
brusatol??????????????????
bruceantin???????????????? C15
???????? Polonsky45? ? Grieco??35?? ???
????????? ???? C15?????????
???????????????? 114???????
????? ?Scheme 37?? ??????Murae???
bruceantin???????????????? D??
???????????? ?????????????
????????????????????????46??
??????????????????? ??? 114?
????? 117?????? ???????????
???????? 118?????? ?????????
?? 118a??? C15-16?????????????
?????????????????? 118?????
???????? Murae??? ??????????
????????????????????? ????
?????????????????????? ????
C15-16???????mCPBA???????????
?????????????????????????
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Scheme 34.
Scheme 35.
Scheme 36.
Scheme 37.
???????????????? ????? 119a?
?????????? ??????? mCPBA???
????????????????? 120??????
???? ?????????????????????
??? 121a???????????? ?Scheme 38??
?????????????? C3-4????????
???????? 121b ?????? ??? 121a ?
121b?????????? ????? ???????
???????????? 121a? 121b??????
??? ?????????? bruceantin??????
????? 122a? ?? 122b??????
??? bruceantin????? C15????????
???? 123a? 123b????? TBS???? ???
????????????????? bruceantin??
????????????? ?Scheme 39?? ????
?????????????????????????
????????
Murae ??? ????????? TBS ?? C3-C4
????????????? ????????????
?? ??????????????? ?Scheme 40??
???? Murae??? C3?????????????
????????? 125????? ??????? 125
?? Scheme 37??????? 126??????? 126
?????????????? C15-16???????
????????????? ??? 56?????? ?
?? 126? C15-16??????? ?????????
???????????????? ?127?? ????
Scheme 38-39 ?????????? bruceantin ??
????????????
Grieco	 bruceantin
47?
Grieco????????????????????
? 129???????????34, 36, 39, 41? ?Scheme 41??
C19????? 2-????????????????
??? C19????????????????? 130
???? ???? ??? 131??????? C14??
? Michael ???? ??????????????
Grieco?? Lewis????????? ???????
???????????? 49? ?132? ? ????
Heathcock????????? ??? 134?????
????41?? ???? TBS??????? 135???
??? ???? C13, 15?????? 2??????
????????????????? ????????
TBDPS????????? 136??????
???? C12???????????? C11-12??
???????? 137?????33? ?Scheme 42?? 137
?? 139??????? Fuchs??????????
??26??
C11, C12????? MOM????? ???? C7
????? 140 ????? ?Scheme 43?? ????
Birch????????? C5-C6????????? ??
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Scheme 38.
Scheme 39.
Scheme 40.
?????????? C7 ???????????
TBDPS???????? ????? 141??????
???? Swern??? Jones??? ?????????
???????????????????? ?????
142?????? 142?? ?????????????
???43?? ???? ?????????????? C15
????????? 143???? ??????? ??
?????????????????????? ????
Dess-Martin ???????? ??????????
?????????????? 144?????50???143
???????????????????????? ?
?????
???? 144? C3????????????? 145
?????? ??? C15?????????????
C2??????????? 146????? ?????
????????????147??????Scheme 44??
???? MOM??????? ???????????
?????????? ??????????????
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The chemistry of bruceantins
Masahiro UWAMORI
Institute of Medicinal Chemistry, Hoshi University
Bruceantin and its analogs have exhibited broad-spectrum of antitumor activity in low doses in vivo. The potent
antitumor activities and complex molecular architectures of bruceantins have attracted the interest of organic chemists.
This review aims to summarize notable methods developed for the construction of the highly oxidized pentacyclic ring
system of bruceantins.
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